Abstract. This paper describes the construction of three dimensional (3D) encapsulation devices in large numbers, using a novel selfassembling strategy characterized by high mechanical stability, controlled porosity, extreme miniaturization, high reproducibility and the possibility of integrating sensing and actuating electromechanical modules. We demonstrated encapsulation of microbeads and cells within the containers, thereby demonstrating one possible application in cell encapsulation therapy. Magnetic resonance (MR) images of the containers in fluidic media suggest radio frequency (RF) shielding and a susceptibility effect, providing characteristic hypointensity within the container, thereby allowing the containers to be easily detected. This demonstration is the first step toward the design of 3D, micropatterned, non-invasively trackable, encapsulation devices.
Introduction
In recent years, advances in regenerative medicine have inspired therapies targeted at the cellular level. For example, a wide range of cell lines have been enclosed within semi permeable and biocompatible immobilization devices that control cell release and the bidirectional diffusion of molecules (Lanza et al., 1996; Orive et al., 2002) . Transplanted cells have been used to secrete hormones (O'Shea and Sun, 1986) , neurotransmitters (Aebischer et al., 1991) , growth/inhibition factors (Sagot et al., 1995) and for gene therapy (Pizzorusso et al., 1997) . Cellular transplantation has also been suggested as a way to overcome acute human organ shortage. Concurrent advances in microtechnology have impacted medicine, as new implantable devices, microarrays, nanoporous biocapsules and microprobes are developed. In addition to cellular encapsulation, these devices have facilitated on-demand drug release and early diagnosis of diseases (Desai et al., 1997; Santini et al., 1999; Kost and Langer, 2001; Leoni and Desai, 2004; Lesinski et al., 2005) . In contrast to polymeric, hydrogel and sol-gel based processes that have been used for encapsulation and delivery (Lim and Sun, 1980; Chang, 2005) , conventional silicon (Si) based microfabrication has high reproducibility and stability. Si based devices also have the capacity to integrate electronic and optical modules that can be used for sensing, tracking and actuation. However Si based microfabrication is principally a two dimensional (2D) process (Madou, 2002) , hence three dimensional (3D) micropatterned devices remain largely unexplored. A 3D micropatterned device has several advantages over its 2D counterpart-a larger surface area to volume ratio, thereby maximizing interactions with the surrounding medium and providing space to mount different electromechanical modules, and a finite volume allowing encapsulation of functional elements. We report on a strategy to construct 3D micropatterned devices for cellular encapsulation, using self-assembly.
Design of the 3D Micropatterned Encapsulation Devices
The 3D encapsulation devices described here are hollow containers with linear dimensions of 200 µm. As compared to smaller or larger sized devices, the 200 µm size provides the maximum encapsulation volume while still allowing the diffusion of oxygen and nutrients to the cells. It is known that if cells are more than 150-200 µm away from the nearest blood vessel, the environment becomes hypoxic (Thomlinson and Gray, 1955) . In principle, the fabrication strategy would work on smaller or larger size scales in the design of containers for other applications.
The containers were designed as copper (Cu) based microelectronic devices that function as radio frequency * Corresponding author.
(RF) shields to facilitate their detection using magnetic resonance imaging (MRI). The surfaces of the containers were patterned with microscale perforations to demonstrate controlled porosity. The dimension of the pores were orders of magnitude smaller than the wavelength of the oscillating magnetic field in the MRI scanner operating at 500 MHz and hence had no adverse effect on the shielding. The thickness of the surfaces of the container were designed to be larger than the conductor skin depth (δ) at the frequency of the radiation (Tsaliovich, 1999), resulting in low conductor resistance and ensuring that eddy currents persist long enough to maintain shielding during the time of image acquisition. The skin depth of Cu at 500 MHz is 2.9 µm (Kittel, 1996) , hence, we designed containers to have frames with thickness ranging from 7-15 µm.
In addition to the diamagnetic Cu containers, we also fabricated ferromagnetic nickel (Ni) containers to investigate the effect of magnetic susceptibility on the MR images of the container. Magnetic field distortions resulting from the differences in magnetic susceptibility between an object and its surrounding medium cause a loss of phase coherence in the magnetization of the sample. Since the magnetic susceptibility of Cu is comparable to that of water, while that of Ni is orders of magnitude higher than that of water, a more pronounced distortion was expected for Ni containers in aqueous media (Bartels et al., 2001 ).
Microfabrication and Self-Assembly
We used microfabrication and surface tension driven selfassembly (Terfort et al., 1997; Harsh et al., 1999; Hui et al., 2000; Gracias et al., 2002) to fabricate and fold a 2D precursor into a 3D hollow structure. The fabrication process involved three steps: (1) patterning the surfaces on the 2D precursor (2) patterning hinges between the surfaces, and (3) self-assembly of the 2D precursor (Figure 1) . It is possible to pattern the surfaces of the precursor using most microfabrication processes including lithography, thin film deposition, etching and ion implantation. [7] [8] [9] [10] [11] [12] [13] [14] [15] using commercial electrolytic solutions (Technic, Inc, www.technic.com) containing the metal ions of choice (Cu or Ni and Au) 
